This study was initiated to evaluate and compare two DNA based techniques (PCR and real-time PCR) with Direct Microscopic Examination for detection of Trypanosoma evansi. For this purpose, seventy three females' Swiss mice were divided into two groups. In group I, 21 mice were inoculated by 10 4 trypanosomes. In group II, 42 mice were inoculated with 10 2 parasites and 5 mice in each group were kept as non infected control. The pre-patent periods were followed daily by the three assays. Results showed higher sensitivities of PCR and real time PCR using both TBR1/2 and TeRoTat1.2 primer sets than direct microscopic examination in early determination of pre-patent periods as early as 24 hours post infection. Following up the course of infection by direct microscopic examination revealed three waves of parasitemia alternated with three waves of parasite disappearance from blood. The molecular techniques (PCR and real-time PCR) were able to clearly detect T. evansi in chronic stages of low parasitemia (waves of parasite disappearance) throughout the course of infection. By testing field samples, real time PCR was more reliable in detecting and quantifying very low parasitemia in clinical camels' blood samples than PCR. In conclusion, real time PCR can be considered more suitable for screening of newly introduced animals to exclude carriers and detect early infected animals for saving free herds.
I
Trypanosoma evansi is one of the salivarian parasites which represent the most pathogenic trypanosome. It belongs to the genus Trypanosoma, subgenus Trypanozoon. T. evansi is considered the first discovered pathogenic trypanosome in the world. It was described by Griffith Evans, in 1880, in the blood of Indian horses and camels (Hoare, 1972) . There is a hypothesis suggests that T. evansi originated from T. brucei by lacking the genes necessary for mitochondrial development, thus, loss the ability to develop and differen ate in insect vector. This change leads to non-cyclic mode of transmission for the parasite (Songa et al., 1990; Luckins, 1998). It is able to spread quickly by non-specific mechanical vectors present all over the world such as tabanids and stomoxys, and also by vampire bats in South America 
Diagnosis of T. evansi infec on relied on Sarataphan et al. (2007).
Briefly, 50 μl of each whole blood sample was lysed twice in 500 μl of 0.1 M ammonium chloride. A er centrifuga on, the sediment was resuspended in 50 μl of 0.002% sodium dodecyl sulphate and 50 μl of 5% chelex-100 ® (Sigma) suspension in TE buffer (10 mM Tris-HCl, 0.1 mM EDTA, pH 8.0). The mixture was heated at 70 o C for 8 minutes followed by hea ng to 100 o C for 10 minutes.
Finally, a er centrifuga on at 10,000 rpm for 5 min at room temperature, the supernatant was stored at -80 o C for PCR analysis.
PCR and real-me PCR sensi vity for detec on of T. evansi:
Detec on of the parasite in the blood or ssue fluids of infected humans or animals. Parasitological techniques Behour et al. EVMSPJ 2015; 11:13-23 cannot always detect ongoing infec ons as the level of parasitemia is o en low and fluctua ng, par cularly during the chronic stage of the disease which exhibits very low parasitemia (Nantulya, 1990 Therefore, we devote this study to compare and evaluate two different DNA detec on based techniques (PCR and real-me PCR) for accurate and rapid detec on of T. evansi on both experimental and field levels.
M M
T. evansi strain, propaga on and preserva on: T. evansi isolate which isolated from naturally infected camel was obtained from Parasitology Department, Faculty of Veterinary Medicine, Cairo University. Parasite was expanded in white Swiss mice by I/P inocula on of infected mice blood. Preserva on of the parasite in liquid nitrogen was carried out according to Shumei et al. (1996) ll used in experimental infec on and as a posi ve control in the molecular analysis.
Experiment design
Seventy three female Swiss mice of approximately 30 gm of weight were used in the study. For First experiment, twenty six female mice were kept separately (group I). From that group, 21 mice were inoculated I/P by 10 4 trypanosome (infec ve dose) according to (Sharma et al., 2012) and the other 5 mice were kept as non-infected control group. Forty seven mice were used for the second experiment (group II); 42 mice were inoculated I/P by 10 2 trypanosome (infec ve dose) and the other 5 mice were kept as non-infected control group (Sharma et al., 2012). Three mice from each group were examined daily by preparing wet blood smears according to Brener (1962) from peripheral blood to detect the pre-patent period then sacrificed. Blood was collected on an -coagulant for molecular examina ons. By reaching parasitemia, all remaining mice were examined daily for assessment of parasitemic waves during the course of the infec on.
Field samples:
Forty four blood samples were collected from apparently healthy camels from different loca ons in Giza and Nubariya, Egypt. Each Sample was tested microscopically for the presence of T. evansi and the rest of each sample was stored at -20 o C ll used for molecular analysis.
DNA extrac on:
DNA was extracted from posi ve control (T. evansi strain) and from each blood sample according to Sarataphan, et al. (2007) . To determine the detec on limit of the standard and real-me PCR assays and to establish a standard curves that could be used for quan fica on, 10 fold serial dilu ons of known count of T. evansi (10 6 trypanosomes) in tested non-infected camel blood. Dilu ons were subjected to DNA extrac on as described above then processed by conven onal and SYBR Green real-me PCR as described below using TBR F - for 30 seconds for TBR primer set and 95°C for 10 seconds, 60°C for 20 seconds, 72°C for 30 seconds for TeRoTat primer set. A single fluorescence reading for each sample was taken at the extension step. Results were expressed by determina on of the cycle threshold (Ct) which marked the cycle when the fluorescence of a given sample significantly exceeded the baseline signal. The mel ng step was set as default in the machine. Amplifica on curve analysis was performed in order to determine the amplicon cycle threshold (Ct). The mel ng temperature of the amplified products was determined by mel ng curve analysis to confirm the specificity of the amplified products with the standards and by agarose gel electrophoresis analysis.
R
Determina on of Conven onal and SYBR Green Realme PCR sensi vity and detec on limit of T. evansi: PCR sensi vity was es mated using two primers sets TeRoTat1.2 and TBR1/2 with tenfold serial dilu on of 10 6 parasites/mL. By using TeRoTat1.2 primer set, the minimal detec on limit was 10 parasites/ml blood. No extra bands were amplified except the 151 bp target DNA band (Fig.  1A) . By employing TBR1/2 primer set, the lowest detec on limit was 0.0001 parasite/mL blood despite appearance of two extra non-specific bands in addi on to 164 bp specifically amplified band (Fig. 1B) . SYBR Green real-me PCR was carried out and standard curve were plo ed for determina on of assay sensi vity and detec on limit. One hundredfold serial dilu on of 10 6 parasites/ml as dilu on 1 for TBR1/2 was used instead of tenfold serial dilu on for TeRoTat1.2. Assays analysis revealed 10 -4 trypanosome/ml for TBR1/2 as the lowest detec on limit with mel ng temperature of 75°C detected by melt curve analysis ( Fig. 2A ). For TeRoTat1.2, 10 trypanosomes/ml was es mated with mel ng temperature of 81.8°C as shown in (Fig. 2B) . Results indicated that similar sensi vity in PCR and real me PCR with the two primer sets.
Following up the course of infec on in experimentally infected mice:
The course of experimental infec on was followed by daily microscopic examina on of wet blood smears prepared from tail vein from day 1 post infec on ll day 7 PI. Different pa erns were appeared in the infected groups according to the infec ve dose in mice. In experiment 1 (the group infected by 10 4 trypanosomes), the pre-patent period was detected three days post infec on and they reached the peak of parasitemia at the seventh day post infec on ( Fig. 3 exp. 1) and all mice died within 7-9 DPI . In experiment 2 (group infected with 10 2 parasites) as shown in (Fig. 3 exp. 2), there were many differences within the experiment. The pre-patent period was determined five days post infec on. But by peaking parasitemia (ninth day PI), three manners were observed, 6 mice showed persistent parasitemia and dead within the twel h to thirty fourth days post infec on G1. In contrast other sex mice showed disappearance of parasitemia by the fi eenth day PI and remained stable ll the end of the experiment G2. Twelve mice of the group behaved the same manner in the course of the infec on G3. This group showed three waves of parasitemia. The first was accomplished on the ninth day PI, the second on the twenty second day PI and the last on the thirty fourth day PI. During this period, mice showed three me disappearance of the parasitemia at the fi eenth, twenty ninth and forty sixth days PI. Following up T. evansi infec on using conven onal PCR on mice blood was evaluated. The results were shown in Fig. 4 and Fig. 5 with the two different infec ve doses 10 4 and 10 2 parasites, respec vely. It was found that the assay was able to detect T. evansi DNA from the first day post infec on in both experiments. High detec on sensi vity was obtained by using TBB1/2 primer sets ( Real-me PCR assays for T. evansi parasites respec vely. Posi ve signals were obtained for T. evansi DNA in mice blood collected from the first to seventh day PI in both experiments. By using two standards dilu ons as posi ve control, amplifica on was carried out using TeRoTat1.2 primer sets. Products with mel ng temperature (Tm) of 85 or under the mel ng curve area considered specific amplified DNA fragment for T. evansi corresponding to standard curves analysis as shown in Fig (6) for experiment 1 and Fig. (7) for experiment 2.
Detec on of T. evansi in chronic phase (disappearance of parasite from blood): Blood collected during the chronic phase was nega ve by microscopic examina on of wet blood smear. By examina on by PCR, 164 bp and 151 bp fragments were clearly detected for the two primers TBR1/2 and TeRoTat1.2, respec vely as shown in Fig (8) . 
Real-me PCR assays for T. evansi

Detec on and Isola on of T. evansi from clinical samples:
None of the all tested camel blood samples was posi ve for T. evansi by direct microscopic examina on or isolated by mouse inocula on test. By conven onal PCR as shown in Fig (9) , all tested animals were posi ve for the presence of the parasite using TBR1/2 primer sets. However by using TeRoTat1.2 primer 32 animals were posi ve for T. evansi out of 44 animals. On the other hand, applying of SYBR Green real me PCR on field samples, 34 out of 44 samples were found posi ve for T. evansi DNA using TeRoTat1.2 primer set in combina on with two dilu ons standard used as posi ve control (Fig. 10) Therefore, they become widely spread in detec on of Surra all over the world. Recently, the development and spread of bioinforma cs applied to gene c enable the design of many new primer sets for trypanosome detec on. However, it is recommended to compare the newly designed primers with exis ng primer sets established as a gold standard (Pruvot et al., 2010) . TBR1/2 primers were used to amplify a 164 bp highly repeated sequence (10,000-20,000) of mini-chromosome satellite DNA (Masiga et al., 1992) . It was known the gold standard since it was the first PCR primer set described with the highest sensi vity and largely used for detec on of Trypanozoon DNA (Pruvot et al., 2010 ).
In the current study, TBR1/2 primer set was employed to evaluate the performance of TeRoTat1.2 primer set which amplify 151 bp DNA sequence. The later is targe ng VSG gene which is the most reliable one for detec on of T. evansi. It is expressed in early, middle and late stages of infec on. So, it is recommended in early diagnosis and determina on of carrier status (Sengupta et al., 2010) .
Verifica on of sensi vity of the primers revealed 0.0001 trypanosome/ml blood for TBR1/2 using conven onal PCR assay (Fig. 1) . This finding elucidated the highly posi ve results with considerable band intensity obtained from TBR1/2 PCR throughout the course of the experiments. The sensi vity was higher than obtained by Pruvot et al. (2010) and Fernandez et al. (2009) which were 0.1 parasite/mL and 0.001 parasite/mL, respec vely. On the other hand, the sensi vity of TeRoTat1.2 PCR was 10 parasites/ml blood (Fig. 1) . Low band intensity was correlated with parasite number during the early stages of infec on in mice. Bands comparison with that obtained by TBR1/2 explained the sensi vity difference between the two primers. In real-me PCR assay, sensi vi es of TBR1/2 and TeRoTat1.2 primers were verified. A er analysis of generated standard curve, the detec on limits for TBR1/2 and TeRoTat1.2 primers showed no difference with obtained by conven onal PCR (Fig. 2) . in experiment 2 showed variable disease pa erns (Fig 3) . The varia on was referred to the dose of inoculums of experimental animals. Microscopic examina on of wet blood smears showed no difference in the pre-patent periods between mice group in experiment 1 (10 4 infec ve dose) which was 3 days post infec on. The rest of mice were died by the ninth day post infec on from acute parasitemia. In experiment 2 (10 2 ID), the pre-patent period was delayed two days than the exp. 1 as a result of decreased inoculums dose. Nearly the same results were obtained by Sharma et al. (2012) a er experimental infec on of T. evansi in mice and detected the parasite at 3 days and 4.5 days a er inocula on of 10 4 and 10 2 parasites, respec vely. The different pa erns of infec on released from infec on by 10 2 parasites elucidated the immune response of the animals. The group showed consistent parasitemia un l death (Fig. 3G1 ) was reflec ng its depressed immune status and represented the acute form of the disease. Where the group revealed persistent chronic undetectable infec on (Fig. 3G2) , reflected the immune resistance against infec on and represented the carrier stage. The group showed fluctua ng parasitemia throughout the course of infec on (Fig. 3G3 ), was the mirror of an genic varia on of T. evansi and evasion of host immune response (Maudlin et al., 2004 ). This mechanism resulted from parasite ability to periodically switch its major variant surface glycoprotein producing relapse of parasitemias (Herrera et al., 2004) . Comparing results obtained by conven onal parasitological test (CPT) and that obtained by molecular techniques in experimental infec on in mice, conven onal PCR with TBR1/2 and TeRoTat1.2 primer sets was able to detect the parasite as early as one day post infec on in mice ( Fig  4&5) . However, microscopic examina on detected parasite 3 days PI in exp. 1 and 5 days PI in exp. 2. All tests were able to detect parasite with peaking of parasitemia. confirmed that the propor on of DNA of the parasite rela ve to the total DNA in blood sample. Therefore, they recommended usage of at least 100 ng DNA in the sample when parasitemia is lower than 10 3 parasite/mL to ensure the detec on of parasite by PCR assay. In TBR1/2 PCR, the intensity of the amplified bands showed li le or no difference through the course of infec on. This is related to the highly repeated sequence of amplified target which overcome low parasi c DNA concentra on in the sample. In the current study, SYBR trypanosomes/mL of blood) and low parasitaemia (250 trypanosomes/mL of blood) could not be detected beyond 8 and 3 hours a er storage at 4°C and 27°C, respec vely to maintain viability of trypanosome in blood. So T. evansi was not detected mostly on blood smears derived from field samples. In this study, examina on the same samples by conven onal PCR with TBR1/2 primers showed posi ve results for all samples While TeRoTat1.2 PCR showed 32 posi ve samples out of 44 (Fig 9) . The decreased number of posi ve samples by PCR targe ng RoTat1.2 compared with that obtained by TBR1/2 was a ributed to several factors such as, number of copies of the target sequence on the genome, level of parasitemia, concentra on of parasi c DNA and existence of non-RoTat1.2 VSG T. evansi variant that was previously reported in Kenya (Sengupta et al., 2010). Similar results were obtained by Elhaig et al.
(2013). They reported that TBR primers showed higher sensi vity and specificity than five other primer sets for the detec on of T. evansi and were able to detect parasitemia below one parasite per ml of blood.
On the other hand, Quan ta ve Real-me PCR on field samples achieved more convenient results than obtained by conven onal PCR using RoTat1.2 primer sets. Thirty four samples were posi ve out of 44 samples (Fig 10) . Results showed that the T. evansi posi ve animals had parasitemia levels ranging from 1 to 404 parasites per mL blood confirmed by mel ng curve analysis although standard curve could not be generated by <10 parasites/ mL. Konnai et al. (2009) could not establish the puta ve parasitemia levels in some water buffalos as the values were outside the linear range of the standard curve generated in their assay. Their assay detec on limit was 10 2 parasites per mL. Noteworthy, Eberhardt et al. (2014) reported no differences between smear microscopy and real-me PCR assays used to detect the presence of T. evansi in capybaras from Argen na.
In conclusion, the striking varia ons obtained by comparing the parasitological and molecular PCR based techniques are the guide for choice. Results provided by conven onal and real me PCR assays were exci ng and interes ng. They provided high sensi vity and accuracy within minute me. No risk from sample handling, preserva on and transporta on in addi on to small sample quan ty required for applying the tests. Fortunately, with applica on of real me PCR, it provided more convenient detec on in field samples than conven onal PCR. It overcame the poor precision of amplified bands on agarose gel. Moreover, it succeeded to accurately assess the low parasitemia levels in the tested animals. Thus, it can be considered more suitable for this purpose in addi on to use for screening of newly introduced animals to exclude carriers and detect early infected animals for saving free herds. 
